The increasing number of available protein structures requires efficient tools for multiple structure comparison. Indeed, multiple structural alignments are essential for analysis of function, evolution and architecture of protein structures.
Introduction
It has been an important requirement to compare protein structures for the interpretation of functional, dynamic and evolutionary properties. Multiple structure comparisons are essential to obtain a simultaneous comparison of a group of structures, which is also a critical step in many modeling and threading approaches (Akutsu & Sim 1999; Panchenko, Marchler-Bauer & Bryant 1999; Dunbrack 2006) . Most of the methods of structure comparison identify structural equivalences by comparing local structural fragments (Holm & Sander 1993; Shindyalov & Bourne 1998; A more recent group of methods attempt to classify local protein structures into a limited set of local backbone conformations before carrying out comparisons. These methods are based on libraries of local backbone structures that represent the frequently occurring regular backbone conformations. A library of local backbone conformations that can be used to abstract a complete protein backbone is called a Structural Alphabet (SA). Abstraction of structures in terms of SA helps to encode 3D information into a 1D sequence (Offmann, Tyagi & de Brevern 2007; . Classical amino acid sequence alignment strategies can be adopted for comparison. A few methods have been developed for comparing protein structures based on structural alphabets (e.g., (Guyon, Camproux, Hochez & Tuffery 2004; Friedberg et al. 2007; Tung, Huang & Yang 2007; Ku & Hu 2008; Wang & Zheng 2008; Yang 2008) ). When compared to the methods based on similarity of 3D structural measures, the approaches based on structural alphabets are significantly faster. A widely used SA, named Protein Blocks (PBs) (de Brevern, Etchebest & Hazout 2000; Dudev & Lim 2007; Zimmermann & Hansmann 2008; Rangwala, Kauffman & Karypis 2009; Suresh, Ganesan & Parthasarathy 2012) was used for 3D to 1D approximation. A curated online protein block sequence database, PDB-2-PB was recently published (Suresh et al. 2012) . PBs were used to develop an efficient method for comparing two protein structures (Tyagi, Gowri, Srinivasan, de Brevern & Offmann 2006; Tyagi, de Brevern, Srinivasan & Offmann 2008) . The structures were translated into PB sequences followed by the alignment of the PB sequences. The alignment was carried out with the use of an anchor-based dynamic programming algorithm which first identifies all high scoring and structurally favorable local alignments (anchors) and then aligns the segments between them to obtain a global alignment. This improved PB based structure alignment approach (iPBA) outperformed other established methods when tested on benchmark datasets (Gelly, Joseph, Srinivasan & de Brevern 2011) .
We have extended the iPBA approach to the comparison of multiple structures (Joseph, Srinivasan & de Brevern 2012) . A progressive strategy similar to that used in CLUSTALW (Thompson, Higgins & Gibson 1994 ) was adopted. PB sequence alignment determines the residue equivalences for the 3D structural fit and the fitted structures are optimized by structure based iterative refinements (Joseph et al. 2012 ).
The web-server provides a good platform for multiple structure comparisons. Different measures for determining the quality of alignments are incorporated. A dendogram is also displayed to indicate the relative structural divergence. The proposed development also offers a user-friendly interface to view and analyse the 3D superposition along with the access to downloadable alignment files (both sequence and structural alignment).
Methods
The server can be used to compare multiple protein structures. Figure Computing pairwise alignment. The pairwise alignments are obtained using iPBA which performs an anchor based alignment by finding structurally conserved regions, identified as local alignments . The structurally conserved regions are defined for residues with Cα atoms within 3 Å . A combination of local (Huang 1991 ) and global (Needleman & Wunsch 1970 ) dynamic programming algorithms is used for the alignment (Figure 1 .2). The PB substitution matrix was generated using substitution frequencies obtained from alignments of domain pairs in PALI (Balaji, Sujatha, Kumar & Srinivasan 2001) with no more than 40% sequence identity ).
Computing multiple alignments. A progressive multiple sequence alignment strategy similar to CLUSTALW (Thompson et al. 1994 ) was used. A guide tree was used to guide the assembly of sequences based on the degree of similarity (Figure 1.3) .
The alignment of two sequences (or groups of sequences) is carried out using dynamic programming based on average 'sum of pairs' scores. The structurally conserved regions in the pairwise alignments are given higher weights during the progressive alignment, similar to the idea used in DBCLUSTAL (Thompson, Plewniak 3D structural alignment. PROFIT (version 3.1) (Martin & Porter 2010) performs least squares fit of protein structures based on the residue equivalences in a given sequence alignment. The multiple PB sequence alignment is translated to amino acid sequence alignment which is given as input for PROFIT (Figure 1 .5).
Multiple alignment scores: Different kinds of scores mainly derived from earlier works were employed Joseph et al. 2011; Joseph et al. 2012 ):
(1) N rms: The percentage of alignment columns with less than 30% of elements as gaps and rmsd less than 3.0Å.
(2) N gdt : The percentage of aligned positions with less than 30% gaps and maximum distance less than a given cut-off. A weighted average of the number of columns associated with the distance cut-offs of 3.0Å, 4.0Å, 5.0Å and 6.0Å was calculated in a similar way as that of GDT score (Zemla 2003; Zemla et al. 2007 ). 
Discussion
The quality of alignments generated by mulPBA was compared with other popular methods available. An average gain of 84.7% in alignment quality was obtained across the different measures (N rms , N gdt and N 3.5 ), with respect to the alignments in the HOMSTRAD dataset (Mizuguchi et al. 1998 ). This databank is used as a reference set that encompasses more than 300 protein families superimposed. A similar comparison was also carried out with MUSTANG software (Konagurthu et al. 2006 ) that is used in the PALI database (Balaji et al. 2001) . For more than 300 protein families, 85% of the alignments were improved with mulPBA while the other cases are quite close to MUSTANG results. About 48 (96%) cases of alignments were of better quality than MUSTANG and 44 (88%) were better when compared to MultiProt. The difference was less striking with respect to the recent 3DCOMB methodology with 29 (58%) cases of better alignment quality. Figure 2 gives the number of cases where mulPBA have better N rms , N gdt and N 3.5 scores when compared to MUSTANG, MultiProt and 3DCOMB. mulPBA clearly shows high improvements when compared to widely used approaches like MUSTANG and MultiProt. In the SABmark dataset, about 6 of the alignments generated with mulPBA had large decline in the alignment quality (scores > 5) with respect to 3DCOMB. Most of the cases involved inherent flexibility of structures where the equivalences reflected in the PB alignments were not captured efficiently in the 3D structural fit. In a few of these cases, the structures involve long and multiple helices.
Hence the PB sequences are characterized by long stretches of low complexity (series of PB 'm') and this resulted in wrong residue equivalences in the alignment. Currently, 3DCOMB needs to be locally installed and no webserver is available for the community. Figure 3 shows the improvement of protein superimposition quality (N rms ) in regards to the sequence identity of the proteins. Figure 3a shows the quality of mulPBA with all the alignment of HOMSTRAD, while Figure 3b shows the same alignment compared to MultiProt. These representations underline the interest of mulPBA when proteins share a low sequence identity. 
Conclusion
The ability to represent the complete backbone conformation of a protein chain as a sequence of characters followed by the use of sequence alignment techniques mainly distinguishes mulPBA from other structure comparison tools (Joseph et al. 2012) . In terms of alignment quality and the efficiency in detecting structural relatives, mulPBA has been quite successful among the wide range of methods available. The web tool also provides an interface for the visualization and analysis of the alignments. Hence, mulPBA can be of great use to the general scientific community. Future improvements of the approach would focus on the optimization of speed as the current approach is very simple. In the same way, we would like to improve the quality of the superimposition using methodologies we developed locally . The tree used to build the multiple structure alignment, (4) The web server output including PyMol pictures (and script file) along with summary information and the coordinates of the superimposed structures, (5) The superimposed 3D structures rendered with PyMol and (6) 3D interactive visualization of the final alignment in Jmol.
